a Silver nanoparticles (Ag NPs) were green synthesized using native inulin as the reducing and capping agent with varied incubation temperatures, incubation times and Ag + concentrations. The biosynthesized Ag NPs were characterized using UV-visible spectroscopy, Field Emission Transmission Electron Microscopy (FE-TEM) and X-ray powder diffraction. The UV visible spectra of the Ag NPs revealed a characteristic surface plasmon resonance peak at 420 nm. FE-TEM showed that the biosynthesized Ag NPs were spherically shaped and monodispersed nanoparticles. The sizes were 18.5 AE 0.9 nm and 20.0 AE 1.2 nm for the Ag NPs synthesized at 80 C and 100 C for 2 h using 0.1% inulin and 2 mM Ag , and the maximum inhibitory zones were 10.21 AE 2.12 mm and 9.92 AE 0.50 mm, respectively, for the two microorganisms. This biosynthesis illustrates that native inulin could be a potential candidate in the green fabrication of Ag NPs, and this is promising in catalytic and bacteriostatic fields.
Introduction
Silver nanoparticles (Ag NPs), a type of noble metal nanoparticle, have emerged as promising antimicrobial agents, lightsensitive materials and sensing elements, and have been widely applied in the cosmetic, textile, medical and food industries.
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Recently, biosynthesis has been suggested as a potential alternative for Ag NP fabrication. Simplicity, cost effectiveness, high compatibility and low toxicity are common advantages during Ag NP formation. [5] [6] [7] As a result, extensive interesting investigations have been conducted to green synthesize Ag NPs.
By masterly utilizing bioconversion, bacteria and fungi have been used for simple and eco-friendly synthesis methods. 8 Besides this, active substances or plant extracts have been veried as ways to effectively biosynthesize Ag NPs.
9,10 Coffea arabica seed extract, 11 leaf extracts, 12 tea extract 13 and polyphenols 14 have been backed to biosynthesize Ag NPs. Polysaccharides, a kind of native biomacromolecule, have shown promise for Ag NP biosynthesis. Starch, 15 guar gum and 16 cellulose 17 have been practiced to green synthesize Ag NPs. In our previous investigations, we have green synthetized Ag NPs using xanthan gum and found that the aggregation of Ag NPs was related to the xanthan gum conformation transition of denaturation and renaturation. The excellent antibacterial effect and catalytic capability of 4-nitrophenol reduction were further documented. 18 However, green synthesis of Ag NPs using native inulin has scarcely been reported.
Native inulin is a water soluble fructose-based polymer. As a dietary ber from nature, inulin is a fructan varying in the degree of polymerization (DP) from 2 to 60. It is found in various grains, fruits and vegetables. Native inulin is usually extracted from chicory or Jerusalem artichokes. 19 It has been reported that inulin has many health benets, including regulating blood glucose. 20 Due to the excellent water-holding capacity of the gel, it is commonly used as a modier and functional ingredient in the food eld. 21 In this paper, we explore the biosynthesis of Ag NPs using native inulin. The catalytic and antibacterial properties were further investigated. This endeavor provided a feasible method for Ag NP biosynthesis with excellent antibacterial and catalytic properties which may facilitate their use in medical, food, and biological applications.
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Materials and methods

Materials
Native inulin (DP 2-60) was obtained from the Cosucra Company (Belgium). Silver nitrate, 4-nitro-phenol (4-NP), sodium borohydride and other chemical reagents were purchased from commercial sources in China. Their solutions were prepared using ultrapure water from a Millipore (Millipore, Milford, MA, USA) Milli-Q water purication system.
Synthesis of the silver nanoparticles
For the synthesis of the silver nanoparticles, 0.1 mg of inulin was dissolved in 100 mL of ultrapure water under constant stirring (84-1A, Shanghai meiyingpu instrument Co. LTD) for 2 h to obtain a 0.1% (w/v) solution. Subsequently, AgNO 3 was added into the inulin solutions to get the nal concentrations of 1 mM, 2 mM and 3 mM. The reaction mixtures were incubated for the time periods of 1 h, 2 h and 3 h at 80 C and 100 C under dark conditions with stirring.
Characterization
UV-visible spectroscopy (UV-vis) was performed using a UV/VIS/ NIR Spectrometer (Lambda950, United States) as a function of temperature during the synthesis of the Ag NPs. The control was run as only 0.1% of the corresponding polysaccharide without a reducing agent. The hydrate particle size and zeta potential were measured using a commercial laser light scattering instrument (Zetasizer NanoZS, Malvern Instruments, United Kingdom) at 25 C. Each sample was measured three times. A drop of the Ag NP colloidal solution was dispensed directly onto a carbon-coated copper grid and dried completely in a vacuum desiccator. Then the pictures of the prepared samples were obtained using a Field Emission Transmission Electron Microscope (FE-TEM) (G2 F20S, Hitachi, United States). The composition was also examined using energy-dispersive X-ray spectroscopy (EDX) with the FE-TEM. X-ray powder diffraction (XRD) was scanned over the range 2q 5-85 using Cu Ka radiation with a scanning rate of 0.5 min À1 , 40 kV and 30 mA (Smartlab9, Japan).
Catalytic reduction of 4-NP
The catalytic 4-NP reduction was carried out in the same manner as in our previous reports. 22, 23 Briey, 10 mL of fresh NaBH 4 aqueous solution (0.2 M) was mixed with 10 mL of aqueous Ag NPs. Subsequently, 1 mL of 4-NP solution (2 Â 10 À3 M) was added into 1 mL of the above mixture. The concentrations of 4-NP and NaBH 4 in the reaction solution were nally 2 Â 10 À4 M and 0.1 M, respectively. The reaction was monitored by measuring the absorbance at 400 nm using a UV/ VIS/NIR Spectrometer (Lambda950, United States).
Antibacterial assay
The green synthesized Ag NPs were tested for antimicrobial activity via the well diffusion method and modied dilution method against pathogenic bacteria, including Gram-negative Escherichia coli and Gram-positive Staphylococcus aureus. Briey, lter paper discs (6 mm) were soaked in the formed Ag NP solution for 15 min, and then placed on the inoculated plates that cultured Escherichia coli and Staphylococcus aureus.
The zones of inhibition were measured aer incubation at 37 C for 24 h. The dilution method was conducted by adding different volumes onto the inoculated plates that cultured Escherichia coli and Staphylococcus aureus. Then their growth aer 24 h of incubation was observed.
Results and discussion
Effect of heating time on the Ag NP synthesis
In this study, native inulin was used as the reducing and stabilizing agent for the Ag NP synthesis. As shown in Fig. 1 , the characteristic UV-vis spectra indicated that the Ag NPs had been green biosynthesized. The visual observation of the solution changing to a dark brownish yellow color further indicated the formation of Ag NPs, as this has been found in the results of other publications during Ag NP synthesis. 24 The absorption spectrum showed an intense band at around 420 nm that was identied as a ''surface Plasmon resonance band'' and ascribed to the excitation of free electrons in the Ag NPs. Meanwhile, a higher incubation temperature promoted the reduction of the Ag NPs. The progressive absorption illustrated the gradual evolution of the Ag NP synthesis as the heating time increased. Inulin, classifying as either an oligo-or polysaccharide, belongs to the fructan carbohydrate subgroup. During the heating process, the increased number of hydroxyl groups on the inulin chain causes the active reduction of Ag + to Ag 0 .
Effect of Ag + concentration on the Ag NP synthesis
The effect of the Ag + concentration (1 mM, 2 mM and 3 mM) on the synthesis of the Ag NPs was investigated with 0.1% inulin aer heating for 2 h at 80 C and 100 C (Fig. 2) . formation, the Ag NPs get embedded and stabilized within the inulin matrix as with other polysaccharides. 25 It has been illustrated that Ag NPs can be fabricated using glucose as the reducing agent, and impregnated into cellulose, microcrystalline cellulose, carboxymethyl cellulose and chitosan. 
Morphology of the synthesized Ag NPs
The morphology of the various Ag NPs fabricated using inulin was further investigate using FE-TEM. The results (Fig. 3a) clearly demonstrate that the Ag NPs were biosynthesized and exhibited an inerratic spherical appearance. It was noted that the inulin-based Ag NPs displayed excellent dispensability (Fig. S1 †) . When the incubation temperature increased from 80 C to 100 C, much more Ag NPs were synthesized. More interestingly, the size of the Ag NPs nearly remained unchanged. The hydrate particle sizes were 12.5 AE 0.6 nm and 9.8 AE 1.5 nm for the Ag NPs synthesized at 80 C and 100 C, respectively, for 2 h using 0.1% inulin and 2 mM Ag + . These results were in agreement with the particle size distribution analysis of the TEM image (Fig. S2 †) . The PDIs were 0.185 AE 0.07 and 0.28 AE 0.14, respectively. The low PDIs illustrate the excellent distribution of the fabricated Ag NPs. This phenomenon may relate to the structure of the inulin matrix. In the same way as when treated with a thermal process, the exposed external hydroxyl groups exert the reduction effect and further combine with the Ag NPs, endowing them with their high stability. The EDX spectra further conrms the fabrication of the Ag NPs based on native inulin ( Fig. 3d and e) .
XRD analysis of the inulin-based Ag NPs
As Fig. 4 shows, inulin was amorphous. This well coincided with previous studies. 27 Meanwhile, the inulin-based Ag NPs showed distinctive characteristic diffraction peaks at 38 and 44 . These typical diffraction peaks possibly illustrate the formation of a face centered cubic structure. It was noted that the distinctive characteristic diffraction peaks were not intense enough. Additionally, strong peaks at 12.1 appeared during the inulinbased Ag NP synthesis. This may have been affected by the crystallization behavior of inulin during the freeze drying process. Furthermore, it was found that the diffuse peak of the inulin-based Ag NPs shied as compared with that of inulin, which further conrmed the interaction between inulin and the Ag NPs during biosynthesis.
Catalytic behavior for the reduction of 4-NP
To compare the catalytic efficiency of the inulin-based Ag NPs, their catalytic behaviors were examined through the model reaction of 4-NP reduced by NaBH 4 . Kinetic rate constant (k app ) values were calculated and were used to evaluate the catalytic behavior. The pseudo-rst-order kinetics are oen described as ln(C t /C 0 ) ¼ Àk app t, where C t is the concentration of 4-NP at time t, C 0 is the original concentration of 4-NP, and k app is the degradation rate (Fig. 5) . By comparing the k app values of the green, synthetic Ag NPs at different conditions, it was easily found that k app continuously increased as the incubation temperature increased and the time increased. When the incubation temperature was 80 C and silver nitrate was at 2 mM, the . This conrmed that all of the nal conversion of 4-NP was below 4.5% (Fig. S3 †) . The high k app was nearly equivalent to that of silver- deposited magnetic nanoparticles (1.5 Â 10 À2 s). 28 Compared with our published paper, the catalytic behavior equally matched that of the Ag NPs that were green biosynthesized using soluble green tea powder, in which the k app values were 0.00918 s À1 , 0.00931 s À1 and 0.00941 s À1 when the reaction times were 20 min, 40 min and 60 min, respectively (Fig. 6) . 29 As in the previous study, k app mainly depended on the specic surface area and quantity of the Ag NPs. 30 This well coincided with the Ag NPs size and distribution shown in Fig. 1-3. 
Antibacterial properties of the inulin-based Ag NPs
As Fig. 7 and Table 1 show, the antibacterial activity of the inulin-based Ag NPs was determined for the preparation conditions. The higher the incubation temperature and Ag + concentration, the higher the antimicrobial activity that was exhibited. When prepared at 80 C with 2 mM Ag + , the zones of inhibition for Escherichia coli and Staphylococcus aureus were 8.10 AE 0.20 mm and 8.11 AE 0.39 mm, respectively. Meanwhile for the Ag100 NPs, the inhibition zones increased to 9.93 AE 0.21 mm and 8.74 AE 0.36 mm. When 3 mM Ag + was used, the values further improved to 10.21 AE 2.12 mm and 9.92 AE 0.50 mm. This phenomenon may have resulted from the increasing concentration of Ag NPs as the incubation temperature and Ag + concentration increased. It was also noted that the antimicrobial activity was higher against Escherichia coli than it was against Staphylococcus aureus. This similar phenomenon was also backed by Jeeva. They found that the antibacterial activity of metallic silver nanoparticles synthesized using leaf extracts of 
View Article Online
Caesalpinia coriaria displayed a much higher antimicrobial activity against Escherichia coli. 31 In comparison, for our published xanthan gum-based Ag NPs, the antibacterial activity related to the conformation of xanthan, and displayed relatively low bacteriostatic ability (S. aureus was about 12.3 mm, and it was 10.7 mm for E. coli). This also conrms that the antibacterial activities are determined by the employed polysaccharide. 18 The different antibacterial behaviors may be related to the adsorption to the cell membrane that is determined by the stabilizer. Fig. 8 further veried, through visual interpretation, the antibacterial behavior of inulin-based Ag NPs. The antibacterial capacities well agreed with Fig. 7 and Table 1 . When the addition was 200 mL, the inhibition rates could reach 98 AE 3% for Escherichia coli when the Ag NPs were formed at 100 C using 3 mM Ag + . Meanwhile for Staphylococcus aureus, the inhibition rates were 88 AE 1.5%. These results well coincided with the results of Fig. 7 . The antibacterial properties of the inulin-based Ag NPs may be caused by how efficiently the NPs get attached to the cell membrane and penetrate inside the bacteria. The permeability of the cell membrane was ultimately changed, or the Ag NPs interacted with protein or DNA, which further led to bacteria death. a NZ represents no result through visual interpretation. The samples were the same as in Fig. 7 . Different letters indicate signicant differences (p # 0.05). 
Conclusions
Water dispersible Ag NPs with excellent dispersion were biosynthesized using inulin through a one spot thermal incubation. The synthesized Ag NPs exhibited an inerratic spherical appearance. When the incubation temperature was 80 C and 
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